Abstract. Molecular simulation of single chain in the vicinity of nanoparticle in comparison with pure system is presented. According to the Rouse theory, chains were considered as a sequence of beads connected together by harmonic springs. The motion of atoms was supported by thermal energy and retarded by the resistance of surrounding. New atom position, in given time, was determined by the Smoluchowski equation, that consists of two terms: first one includes the influence of the inter-atomic collisions, the sterical obstacles and the strong intermolecular interactions in friction coefficient, second one express the energy field aggregated from potentials of all atoms. Sinusoidal shear stress was applied to the chain. The output of the model was energy as a function of time. The energy course was also sinusoidal but shifted according to the deformation. The amplitudes and phase shifts were analyzed for the chains under different conditions .The chains were subjected to the model first as the standalone objects. Then, barrier was defined and chains placed in the vicinity of it. The barrier acted as a volume excluded hindrance. This type of chain molecular dynamics could be used as a stand-alone model or it could be suitable component for complex models, for example network model of polymer nanocomposite.
Introduction
The need for new materials has driven an increased interest in understanding the changes in structural, dynamic and melt properties caused by fillers and more recently, nanofillers. A considerable effort was devoted to understanding of viscoelastic properties of the materials. Phenomenological approach is not sufficient any longer, thus the studying of the materials on multiple length scales is useful [1] .
Many efforts have been made on description of polymer behavior at a molecular level. Even though instrumental methods have improved, there are still problems with exact measurement of the structural and mechanical properties at this level. Hence, computer simulations take place in this area being very powerful tool that enable direct insight into investigated system [2] .
To define single chain motion in viscous surrounding the Rouse model is widely used [3, 4, 5] . Atoms or atom groups are considered as rigid beads connected together by harmonic springs. The diffusion coefficient of surroundings and the potential of the atom group determine its position.
The simulation progressed from chains in polymer melt that are sufficiently far from filler across the glassy polymer to the chains in the interphase layer vicinity of particle. Two factors influenced the relation between the particle and chain. The first factor was excluded volume which caused immobilization of chain. This factor was observed rather in nanocomposites than in the microcomposites. For example, adding 1% by weight of ultra-fine, synthetic mica (30-nm diameter disks) to nylon gave super tough nylon, while adding the same amount of traditional mica (micron sized talc) gave only a slight improvement in toughness over unfilled polymer. Second factor was an acting of interactions, which were based on both physical and chemical mechanisms and their presence could cause diametrically different polymer response [6] .
Simulation
An application of ROUSE model was used to model viscoelastic response of the polymer chain. The chain was composed of single atoms which are distributed in space. Each atom position was limited by position of the neighbor atoms. System tried to achieve thermodynamic equilibrium, but its motion was retarded. To trace the position of atoms in time the Newtonian and Smoluchowski equations were solved. For non-interacting particle undergoing the thermal motion, the probability for finding the particle at x and t as ( )
where resistance of surroundings is expressed in first member, energy influence including dihedral, bending and bond stretch potential are involved by latter one [8] . Potential functions and parameters adopted are proposed by Ryckaert-Bellemans for 4-body dihedral (torsion) potential V(φ) [7] and by by for 2-body bond length potential V(b) and 3-body bond angle potential V(θ), respectively [8] , as shown in equations with parameters listed below in Table 1 .
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Results and Discusion
A set of 10 polyethylene chains with 50 segments was generated. A sinusoidal shear deformation was applied to each chain and its energy response was analyzed. The amplitude of the deformation was 5% of the chain length and the frequency was 1,5,10 and 20 Hz respectively. Temperature was 298.15 K. The friction coefficient was 0.05. Parameters of the polymer chain were taken from Table 1 . Deformation response is shown in the Figure 1 . The amplitudes were taken as the height of energy peak and the phase shift was a shift between course of deformation and the energy. The results are shown in Table 2 .
In the second part, the half space barrier was defined. The chains were set in the vicinity of the barrier so its centers of gravity were in the distance 0.2, 0.3, and 0.4 nm from the surface (Figure 2) . The chains were deformed with frequency 5 Hz. The calculated data were compared with measured data for the polyethylene and polyethylene/starch composites [9] . Table 2 . Amplitudes and phase shifts of the energy course for different frequencies; M -results from our model; E -experimental values from the ref [9] . 
Conclusions
Sinusoidal deformation of single chain was modeled. Energy response of the model was analyzed. Amplitudes of the energy and phase shifts were taken from average energy course of ten chains ensemble. We found that the energy was shifted to the deformation of the model chain, as it was observed in real polymer. In comparison to real polyethylene, our calculated phase shift by the same frequency was still slightly small, but comparable. The phase shift increased by the frequencies 5-10 Hz. It was because not all of many parameters were in their confidence intervals. The correct viscoelastic response might be in a short interval of each parameter and its right combination should be determined. The impact of barrier in the vicinity of the chain was detectable. The energy amplitude in the vicinity of barrier increased by 50 percent from the amplitude of untreated chain, but in reality the modulus of the polymer increases orderly when it is adsorbed on the solid surface. The calculated phase shift of one sample increased and of another sample it decreased in comparison to the chain without the barrier. In reality, the phase shift of the composite is slightly lower than the phase shift of the pure polymer. The models reasonably described the behavior of real polymer chain. However, further improvement has been desirable. Moreover, the properties depend on the supermolecular structure, which would be introduced to the model.
